The monetary incentive delay (MID) task (Knutson, 2000) is an imaging paradigm used to measure neural activity of incentive receipt anticipation. The task reliably elicits striatal activation and is commonly used with both adult and adolescent populations, but is not designed for use with children. In the current article, we present data on the newly designed piñata task a child-friendly analog of the MID task. We demonstrate the task can be used successfully in children to study the neural correlates of anticipatory incentive processing. Results from a behavioral study and a neuroimaging study are reported. In Study #1, a sample of 8-to 14-year-old children demonstrates expected behavioral effects: subjects responded most quickly and most accurately on trials with greater potential rewards; older children displayed faster reaction times than younger. In Study #2, 8-to 12-year-old children showed neural activation patterns consistent with those seen in adults in the MID task: activation was modulated by cue incentive value in reward-processing regions, including the striatum, thalamus, mesial prefrontal cortex and insula. Study results suggest that the piñata task is a valid analog of the MID task, and can be used to assess neural correlates of reward processing in children as young as 8-9 years of age.
INTRODUCTION
Over the last decade, considerable research has examined the neural correlates of reward processing in humans (Knutson et al., 2001b , Kirsch et al., 2003 Ernst et al., 2004; Delgado et al., 2005 , Dreher et al., 2009 , particularly how the brain responds to cues indicating the potential to receive a reward (Knutson et al., 2001a; Hommer et al., 2003; Ernst et al., 2004; Scheres et al., 2007) . Research has found that individual differences in neural response while anticipating a potential reward relate to temperament [e.g. behavioral inhibition, (Guyer et al., 2006) and psychopathology including depression (Smoski et al., 2009) , anxiety (Guyer et al., 2011) and ADHD (Ernst et al., 2003; Scheres et al., 2007) ]. There is also evidence of developmental change in these responses: several studies have shown that the neural correlates of reward change from childhood to adolescence to adulthood (Bjork et al., 2004; Ernst et al., 2005; Galvan et al., 2006; Bjork et al., 2010 , Cohen et al., 2010 Van Leijenhorst et al., 2010a,b) .
The 'Monetary Incentive Delay' (MID) task (Knutson et al., 2000) has been used in a large number of brain-imaging studies (Knutson and Cooper, 2005) . This task extends work from Schultz and colleagues implicating the striatum in the neural response to anticipation of reward delivery. The paradigm is used commonly in imaging studies examining adults and mid-to-late adolescents. In the task, subjects see a cue that indicates the amount of monetary reward or loss at stake on a given trial, followed by a target to which they must make a speeded response, followed, finally, by feedback indicating whether or not they received the reward or lost money. Several studies using the MID task (Knutson et al., 2000 (Knutson et al., , 2001a have found a cluster of brain regions that consistently show increased activation to cues indicating the potential for receipt of larger incentives. This cluster includes striatum, thalamus, medial prefrontal cortex, posterior cingulate cortex and insula.
The MID task is not designed for use with young children. The incentive cues are abstract symbolic representations that can be difficult for young children to understand, and, like most psychological experimental paradigms, it is not built to engage the interest of youngsters. In order to study the developmental trajectory of reward processing from childhood through adolescence and adulthood, it would be helpful to have a version of the MID task that can be used effectively with children. With this goal, we designed a child-friendly version that paralleled the MID task structure for reward trials, but provided a coherent story line and the engaging graphics that would keep young children invested in the task.
To test the validity of this taskthe piñata taskwe examined both behavioral performance on the task and neural activation in the scanner with children between the ages of 8 and 14 years. For the behavioral study, we predicted that subjects would show a relation between incentive type and both reaction time and hit rate, with higher incentives producing faster reaction times and higher hit rates. For the imaging study, we predicted that a parametric analysis would demonstrate a relation between anticipation of cue incentive magnitude and activation. Specifically, we expected a similar pattern of regional engagement as seen in adults studied with the MID task: activation of the striatum, thalamus, medial prefrontal cortex and insula to anticipation of larger incentives.
METHODS

Participants
Study #1Behavior
Participants were 12 8-year-old children (five female), 14 10-year-old children (eight female), 15 12-year-old children (nine female) and 12 14-year-old adolescents (three female). All subjects were free from serious neurological or medical problems and had never received long-term medication. Two subjects (one 8-year old and one 12-year old) failed to complete the entire task, and a third (a 14-year old) had reaction times >2 s.d. outside the mean for his age group; these subjects were excluded from analysis. Participants were recruited both via age-targeted mailing lists and at university-based summer camps. All participants provided informed assent, and participants' guardians provided informed consent. The study was approved by the Institutional Review Board of the University of Maryland, College Park.
Study #2imaging
Participants were 27 children between the ages of 8 and 13 (min: 8.33 years, max: 12.67 years, mean: 9.71 years). Subjects were recruited through newspaper advertisements. Interested participants were screened for eligibility. To participate in the study, participants had to be between the ages of 8 and 13 years, right-handed, free from past or present psychopathology on the basis of a psychiatric diagnostic interview [Schedule for Affective Disorders and Schizophrenia of School-Age ChildrenPresent and Lifetime version (Kaufmann et al., 1997)], free from medical illness on the basis of medical history and physical examination and eligible to go into the scanner on the basis of an MRI screening questionnaire. All participants were trained in a mock scanner prior to their participation in the study. Data from seven subjects were excluded from the analysis due to excessive head movement, from three subjects due to an excessive number of non-response trials, and from one subject due to an error in data collection, leaving a final sample of 16 subjects (min: 8.33 years, max: 12.67 years, mean: 10.17 years). Excluded subjects were significantly younger than their non-excluded counterparts [t(1,25) ¼ 2.889, P < 0.01]. All participants provided informed assent, and participants' guardians provided informed consent. The study was approved by the Institutional Review Boards of the National Institute of Mental Health and the University of Maryland, College Park.
Pinata task
The piñata task is structured so that on each trial subjects must make a speeded response to a target in order to receive a reward. Each trial is composed of three stages: anticipation, response and feedback. In the anticipation stage, subjects see a cue indicating the size of the potential reward for that trial; in the response stage, subjects have the opportunity to make a response; in the outcome stage, subjects see feedback indicating whether or not their response was fast enough to receive the reward. In the piñata task, these three stages are presented in the context of a piñata whacking game (Figure 1 ). Subjects are told to whack at piñatas as quickly as possible to earn the stars inside, and that the number of stars they earn during the task will determine the size of the reward they receive at the end. In the anticipation stage, subjects see the piñata partially revealed at the top of the screenthe number of stars inside the piñata is visible, but subjects cannot yet hit it. In the response stage, the piñata drops to the middle of the screen and the subject has the opportunity to make a speeded button press response. In the outcome stage, subjects either see the piñata cracked open and the stars in a basket at the bottom of the screen, indicating a hit, or they see the intact piñata swinging off to the side of the screen, indicating a miss. The task was designed to be visually appealing and engaging for children. All stimuli were drawn in a colorful cartoon style, with piñatas of many different shapes and sizes. Task timing followed standards established for the most commonly employed versions of the MID task: The cue appeared for 1500 ms, followed by a cue-free anticipatory period that varied between 1000 and 2000 ms. The target appeared for a variable period of time, followed by a delay period with a duration such that the target period and delay period combined to a total of 1500 ms. Finally, the feedback appeared for 1500 ms. The task consisted of one practice run of 22 trials, followed by six task runs of 22 trials each, for a total of 132 task trials. Trials were divided evenly between the four incentive levels0 star, 1 star, 2 stars and 4 starsfor a total of 33 trials at each incentive level. The total duration of the task was $15 min. Additional task parameters differed between the behavioral and imaging study, again, to maximize compatibility between the current imaging task and the methods used most frequently in previous imaging work.
Study #1behavior
Each participant performed a 22-trial practice run where target duration varied between 250 and 300 ms. For subjects with accuracy rates cue delay target feedback Fig. 1 Trial structure of the piñata task.
Monetary incentive delay task for kids SCAN (2013) between 55% and 80% during the practice run, target duration was set between 250 and 300 ms for the task. Target duration was set to 200-250 ms for subjects with better performance, and to 300-350 ms for subjects with worse performance. This approach allowed use of the task with subjects across a wide age range without encountering ceiling or floor effects. To provide participants with an incentive to earn as many stars as possible, when they entered the lab to begin the study, they were presented with two baskets of toys to choose from, one to select as their 'small prize' and one to select as their 'big prize.' Subjects were told that they would receive the small prize just for participating, but if they earned enough stars in the game, they would be able to win the big prize instead. In reality, all subjects were told at the end of the task that they had earned enough stars to win the big prize. Big-prize items were age-appropriate games, toys, or DVDs, worth approximately $10. Small-prize items for the young children were small, relatively undesirable objects (e.g. a used crayon, a single sticker), while small-prize items for the 14-year-old participants were age-inappropriate toys that were offered to the 8-year olds as big prizes.
Study #2imaging
In Study #1, subjects showed substantial variability in accuracy, in spite of our efforts to adjust task parameters to match each subject's skill level. For the imaging study, we wanted to minimize differences in task performance between subjects, to ensure that any developmental differences that emerged were not the result of differences in the perceived challenge of the task. This method has typically been employed in MID imaging studies, including studies on temperament and developmental psychopathology (Guyer et al., 2006) . Thus, in Study #2, we used a dynamic algorithm that adjusted target duration trial by trial to maintain a subject accuracy level of $60%. Response window duration would increase by 50 ms when the subject's cumulative accuracy for all trials in the run was <60% and decrease by 50 ms when cumulative accuracy was >60%.
To simplify administration of the task and to maximize similarity to the MID task, in the imaging study, subjects were simply told that they would receive money based on the amount of stars they earned, up to $15. Participants received a minimum of $3, plus an additional $3 for every 45-47 stars they captured, up to a maximum of $15, but they were never informed of this exact payment structure.
Data analysis Study #1behavioral
The aim of the behavioral study was to determine whether subjects were able to distinguish between low-and high-incentive cues in terms of their behavioral responses, and whether this sensitivity to reward shifted with age. The role of sex effects was also examined. To examine these issues, 4 Â 4 Â 2 (Incentive Value Â Age Â Sex) repeated measures ANOVAs were used to test three dependent variables: hit rate (the proportion of trials on which the subject responded quickly enough to earn the reward), reaction time (the average response time across all trials) and premature response rate (the proportion of trials on which the subject responded during the anticipation stage, before the target appeared).
Study #2neuroimaging
Behavioral performance. Behavior in the scanner was analyzed in the same fashion as behavior from Study #1. Since subjects were not recruited into specific age bins for the imaging study, age was used as a covariate rather than a between-groups factor and repeated measures ANCOVAs were used in place of ANOVAs.
Image acquisition. Subjects were scanned in one of two General Electric (Waukesha, WI, USA) Signa 3 Tesla magnets.
1 Task stimuli were displayed via back-projection from a head-coil mounted mirror to a screen at the foot of the scanner bed. Foam padding was used to constrain head movement. Behavioral data were recorded using a Cedrus (San Pedro, CA, USA) Lumina hand-held two-button response box.
Fifty sagittal slices (2.6-mm thickness) per volume were obtained using a T2*-weighted echo-planar sequence (echo time, 25 ms; flip angle, 908; 96 Â 96 matrix; field of view, 240 mm; in-plane resolution, 2.5 mmÂ 2.5 mm; repetition time was 2800 ms for 12 subjects and 3000 ms for the other 15). A total of 55 volumes were collected in each run. To improve the localization of activations, a high-resolution structural image was also collected from each participant during the same scanning session using a T1-weighted standardized magnetization prepared spoiled gradient recalled echo sequence with the following parameters: 124 1.2-mm axial slices; repetition time, 8100 ms; echo time, 32 ms; flip angle, 158; 256 Â 256 matrix; field of view, 240 mm; in-plane resolution, 0.86 mmÂ 0.86 mm; NEX, 1; bandwidth, 31.2 kHz.
Image processing and analysis. Analysis of fMRI data was performed using Analysis of Functional and Neural Images (AFNI) software version 2.56 b (Cox, 1996) . Echo-planar images (EPI) were visually inspected to confirm image quality and minimal movement. Standard pre-processing of EPI data included slice-time correction, motion correction and spatial smoothing with a 4-mm full-width half-maximum Gaussian smoothing kernel. Each subject's data were transformed to a percent signal change using each subject's voxel-wise time series mean blood oxygen level-dependent (BOLD) activity as a baseline. Images were analyzed using an event-related design.
Time series data for each individual were analyzed using multiple regression (Neter et al., 1996) . The entire trial was modeled using a gamma-variate basis function, including five cue events (0-star cues, 1-star cues, 2-star cues, 4-star cues and cues from premature response trials), five feedback events (0-star feedback, 1-star feedback, 2-star feedback, 4-star feedback and feedback on trials where subjects made a premature response), and one target event. The model also included six nuisance variables modeling the effects of residual translational and rotational motion (motion in the x, y and z planes, as well as roll, pitch and yaw), and regressors for both baseline and linear trend. The 0-star, 1-star, 2-star and 4-star cues were our regressors of interest.
A weighted parametric contrast of BOLD activity was created using the four incentive cues, such that each cue type was weighted in proportion to its incentive value. A whole-brain analysis was conducted with the statistical threshold for individual voxels set to P < 0.005, uncorrected. Correction for multiple comparisons was applied following Monte Carlo simulations to determine appropriate cluster thresholds to achieve a corrected alpha level of P < 0.05. To specifically isolate striatal activation, an ROI analysis was conducted examining significant activation in the left and right ventral and dorsal striatum. These regions were defined by creating a striatal map containing the nucleus accumbens, caudate head, caudate body, caudate tail and putamen, as defined by Talairach anatomical boundaries provided by AFNI. Voxels anatomically defined as the lentiform nucleus were additionally included in the map to ensure that caudate and putamen were connected to one another within the mask. The striatal mask rostral to y ¼ 0 was defined as anterior striatum, and caudal to y ¼ 0 was defined 1 Two subjects were scanned on one scanner, while the remaining 14 were scanned on a second scanner. We re-ran all neuroimaging analyses excluding the two subjects scanned on a different scanner and found similar results to those found using the whole sample. Specifically, these analyses with only 14 participants yielded three whole-brain clusters (one in the thalamus extending into striatum, one in mPFC and one in the cerebellumthe cluster in the insula dropped below the cluster correction). ROI analyses yielded statistically significant clusters in all four striatal ROIs. All four clusters were 50-100% larger than the clusters seen when all 16 subjects were included in the analyses. Subject removal yielded no differences in the caudate head extraction analysis.
as posterior striatum. For this analysis, statistical threshold for individual voxels was again set to P < 0.005, uncorrected, with cluster thresholds applied that were determined to achieve a corrected alpha level of P < 0.05 (Whole-brain: 210 voxels at P < .005; Left Dorsal Striatum: 11 voxels at P < .005, Right Dorsal Striatum: 12 voxels at P < .005, Left Ventral Striatum: 25 voxels at P < .005, Right Ventral Striatum: 21 voxels at P < 0.005).
Finally, to determine whether the task was equally effective at eliciting striatal reward signals across the entire age range of subjects included in our sample, we extracted mean activation for each subject in the left and right caudate head, as defined by Talairach anatomical boundaries provided by AFNI. For each subject, we calculated a difference score between their mean activation on 4-star, 2-star and 1-star trials, and their mean activation on 0-star trials. These scores were tested for correlation with subject age. (Table 3) .
RESULTS
Study
Imaging
A whole-brain analysis yielded three clusters: one in the medial prefrontal cortex, one in the right insula and one very large cluster that peaked in the thalamus, and extended into both left and right striatum (Table 4 and Figure 2) . The striatum is a critical region in reward processing, and is consistently activated in MID studies. Relatively broad and high-threshold activation emerged through both the thalamus and striatum. Thus, at a whole-brain level, engagement of the thalamus and striatum are difficult to dissociate. However, a follow-up ROI analysis examined activation specifically in the left and right anterior and posterior striatum. This analysis revealed significant clusters of activation in both the left and right anterior striatum, and a cluster in the right posterior striatum (Table 5 and Figure 3) . Across all subjects, mean activation in the caudate head was significantly greater on star trials than no-star trials [F(1,15) ¼ 5.974, P ¼ 0.027, Figure 4 ]. However, no correlation emerged between age and star-related increases in activation (r ¼ À0.065, P ¼ 0.810, Figure 5 ), indicating that the task was equally effective at eliciting salience-related activation in the caudate head from subjects of any age within our sample.
DISCUSSION
We found that the piñata task effectively replicates results found in adults with the MID task. In Study #1, subjects' behavioral response was influenced by incentives, with 4-star cues eliciting faster reaction times and higher hit rates than 0-star cues. In Study #2, we used a dynamically adjusting algorithm controlling task difficulty to eliminate behavioral differences in performance. After eliminating these differences in behavior, we found that cue incentive size modulated activation strength in the same regions consistently reported in MID task studies, i.e. striatum, insula, medial prefrontal cortex and thalamus (Knutson and Greer, 2008) . In Study #1, both hit rate and reaction time were related to incentive, with 4-star incentives eliciting faster reaction times and higher hit rates relative to 0-star incentives. This study also showed an effect of age on reaction time, with 14-year olds responding more quickly than 8-year olds. This result is to be expected, given the increase in processing speed over this developmental period (Kail, 1991) . There was no interaction between the increase in reaction time due to age and incentive, suggesting that this improvement was driven by general changes in processing speed, rather than changes in sensitivity to reward. While reward sensitivity may indeed change during this developmental period, any such changes were not detected in the present study. To account for the potentially confounding effects on brain response of group differences in hit rate seen in Study #1, Study #2 used dynamically adjusting timing parameters to ensure that all subjects would have roughly equivalent accuracy levels. In this way, we could be confident that any group differences in the imaging data were unrelated to extraneous variables such as the amount of positive feedback subjects were receiving during the task.
In Study #2, hit rate was not influenced by age, incentive or sex; these findings suggest that the timing manipulation was successful. Reaction times, however, continued to show a decrease with age as in Study #1, suggesting that the increase in processing speed with age is a robust phenomenon seen across experimental conditions. Unexpectedly, in Study #2, reaction time was also related to sex, with the male participants showing significantly faster reaction times than the females. Sex differences are not consistently seen in the MID task, and this finding is somewhat unusual. This sex difference may partially be explained by the fact that the male subjects in the present sample were slightly older than the female subjects (mean agemales: 10.4 years; mean agefemales: 9.9 years), although this difference was not statistically significant. Another possible contributing factor is the greater popularity of video games among young boys relative to young girls. The increased speeded button response training that such video games provide could give boys an advantage on reaction-time button press tasks such as the Piñata task. However, additional research is necessary to determine if this effect is consistently seen.
Unlike Study #1, in Study #2, reaction time was unrelated to cue incentive. These findings parallel research done with the MID paradigm, where incentive-based differences in reaction time are sometimes (e.g. Knutson et al., 2003) , but not always (e.g. Knutson et al., 2001a) seen. The absence of reaction time differences related to incentive is likely related to the dynamically adjusted timing parameters used in imaging studies, which compel subjects to respond at a nearly maximal speed on all trials; the smaller sample size, and therefore reduced power, in the imaging study; or some combination of the two. In neither Study #1 nor Study #2 did we see a strong parametric improvement of performance with reward magnitude. This is consistent with findings in MID studies, where it is quite rare for behavioral performanceas opposed to striatal activationto parametrically improve with reward. This is a limitation of both the MID and piñata tasks, which are designed to elicit strong effects of neural activation, but not to elicit subtle behavioral effects.
In Study #2, we found modulation of activation by incentive in several hypothesized regions, including the striatum, medial prefrontal cortex, insula and thalamus. Activation in these regions is typically seen in the MID task (Knutson and Greer, 2008) , and suggests that the present paradigm engages similar psychological processes. Of note, a particularly large and high-threshold activation emerged encompassing multiple subcortical structures. While ROI analyses convincingly showed this activation to encompass the striatum, the high-threshold nature and large expanse of the activation complicates attempts to precisely localize this activation. In general, previous studies in adolescents and adults also implicate multiple subcortical structures, including the thalamus and striatum, in response to monetary-incentive delays. While these studies also find evidence of specific engagement of the striatum, prior studies have relied on a variety of somewhat different analytic approaches than employed here, which could affect the precise comparison of results across these studies in different age groups.
Finally, we found that the effect of cue on activation in the caudate head, a region that reliably encodes reward anticipation, was not influenced by subject age, within the 8-to 13-year-old age range of our sample. Thus, while age did influence the likelihood that a subject could be successfully scanned (younger subjects were more likely to be excluded due to excess motion or inability to remain in the scanner through the entire task), it did not affect the efficacy of the task in eliciting reward-related activation. This suggests that the piñata task can be successfully used with subject samples even at the young end of the age range included in the present study.
There are some limitations to the current study design. First, in the imaging study, attrition from the study was related to age, with the withdrawn subjects being significantly younger than the successful completers. Remaining still and staying engaged with a task while in the scanner is difficult for many young subjects, and this finding is quite typical for a study with children. However, these findings suggest that more extensive motion training in a mock scanner would be beneficial to minimize data loss from our youngest subjects.
Another limitation of the study design is that it includes only trials where subjects have the opportunity to receive a reward; there are no 'loss' trials where subjects will lose points they have already earned if they fail to respond in a timely fashion. Both trial types are included in the adult MID task. This both prevents us from examining the neural correlates of loss avoidance, and may change the way in which subjects respond on the reward trials, due to the effects of framing (Reyna and Brainerd, 2011) . However, we chose to include only reward trials in the present paradigm for several reasons. The set of regions that are activated to reward cues and punishment cues in the MID task are largely overlapping (Knutson et al., 2000 (Knutson et al., , 2001a Guyer et al., 2006) , both conditions are combined in some studies (e.g. Guyer et al., 2006) , and striatal incentive findings with reward are generally stronger than findings with punishment (Knutson et al., 2001a; Guyer et al., 2006) . Including only reward trials kept the task as short as possible to ensure that young children could complete the task in the scanner without excessive motion or fatigue, while still providing data that could address many of the scientific questions targeted by the MID task. Future work should study those questions that require assessing neural correlates of both punishment and reward in children.
In addition, a critical future direction is to use the piñata task in a sample with a wider age range, including adults, to examine developmental differences in reward sensitivity. Research with the MID task comparing activation between adolescents and adults have shown reduced incentive-elicited activation in adolescents relative to adults (Bjork et al., 2004 (Bjork et al., , 2010 , while other incentive tasks frequently show the opposite effect (Ernst et al., 2005; Galvan et al., 2006; Van Leijenhorst et al., 2010a , 2010b . It has been suggested (Bjork et al., 2010) that these divergent patterns of findings may be due to the fact that the MID task is less entertaining than other incentive processing tasks used in adolescent populations, and thus is less rewarding for adolescents. The piñata task, with a structure parallel to the MID save for its more engaging task features, would be able to test this hypothesis.
In conclusion, the 'piñata task' is an effective analog of the MID task that can be used to measure the neural and behavioral correlates of reward processing in children as young as 8-9 years of age. Monetary incentive delay task for kids SCAN (2013) 
